density.
The outburst could have been caused by an episode of increased wind from a Be star, such that a small accretion disk is formed during each periastron passage. A change in the wind and disk structure apparently occurred after 5 months such that the accretion rate was no longer modulated or the diffusion time was longer. The distance estimate implies the X-ray luminosity observed was between 1 x 10 a6 ergs s -1 and 6 x 10 a4 ergs s -_, with a small but definite correlation of the intrinsic power-law spectral index. 2. Observations and data analysis SAX J2103.5+4545was regularly observedbetween19/11/99 and 31/08/00. Approximately 3-4 daily observationstook placeper weekwith a total weeklyexposuretime of 10-15 ks. Between 12/09/00 and 02/12/00, the observationswere separatedby a few weeks. In March 2001, the sourcebegan another outburst. RXTE carried out a few observations30 days after. The total nominal exposuretime of the observationswas 521 ks. The results presentedhere are basedon data collected with the Proportional Counter Arrary (PCA) (Jahodaet al. 1996) and the High Energy X-ray Timing Experiment (HEXTE) (Rothschild et al. 1998 ). The PCA instrument consists of an array of five collimated xenon/methane multi-anode proportional counters,although they were not all operatedduring someobservations. The total effectiveareais approximately 6250cm2and the field of view ,,_ 1°full width at half maximum (FWHM 
_4-
in the region imply no more than 0.2 counts s-1 per PCU, less than half of the minimum rate detected at the end of the outburst, when the pulse period was still measured, and too small to influence the spectrum extracted for the faint phase. We studied the X-ray spectra in the bright phase of the outburst (< 150 days) and in the faint phase of the outburst (> 150 days) independently. Figure  2 shows the joint X-ray spectra of RXTE/PCA and HEXTE during the bright phase. Thermal bremsstrahlung models did not give successful fits to the data.
In order to see the other variations in the spectral parameters on shorter time scales, we present in figure 3 the count rates and the best fit spectral parameters in the 3-20 keV range as a function of time, with the time resolution of approximately one week. We do not see significant changes in spectral parameters, with an exception of a decrease in power-law index at the brightest part of the observations, 100-150 days after the onset.
Orbital
Phase Spectra
In our earlier study of this source, we saw an increase in the count rate at periastron passages (Baykal, Stark, & Swank 2000b) . This behaviour implied that the mass accretion rate onto the neutron star increases at periastron passage due to the eccentric orbit (e=0.4 +0.2). We now find that when we fold the faint parts of the outburst on the orbital period of 12.68 days, we do not see any change in the count rate as a function of orbital phase. We confirmed this behavior by extracting the ASM data and folding at the orbital period. When we fold either the ASM or the PCA data in the bright phase, we see a significant orbital modulation, while for the faint phase we do not. Figure  4 presents the best fit spectral parameters as a function of orbital phase in the bright phase of outburst. In this figure, an orbital phase of 0.4 4-0.08 corresponds to the periastron passage of the neutron star, and clearly the X-ray flux is higher there, although it actually peaks 2-3 days later. The other spectral parameters do not show significant changes, with the exception of the power-law index. Figure  5 presents the power-law index, the equivalent width and the emission line flux as a function of X-ray flux. In this figure, the power-law index decreases with increasing -5
Pulse Frequencies and Pulse Frequency Derivatives
For the timing analysis, we corrected the light curves to the barycenter of the Solar system and then corrected for the binary motion of the pulsar using the binary orbital parametersdeducedby Baykal, Stark, & Swank (2000b) . We divided the total observation time span into non-overlappingsegmentsof 15-20 days. For each observationsegment,we first obtainedthe nominal pulsefrequency(or pulse period) by using a long Fourier transform (or power spectrum) and then constructed 10-20 pulse profiles (one pulse profile for each RXTE orbit) by folding the data at this nominal pulse period. Finally we found the pulse phaseoffsets (or pulse arrival times) by crosscorrelating the pulse profiles with a template chosenasthe moststatistically significant pulseprofile in eachobservationsegment. We used the harmonic representation of pulse profiles (Deeter & Boynton 1985) . In this technique, the pulse profiles are expressedin terms of a harmonic seriesand cross correlated with the template pulseprofile. The pulsephaseoffsetscan be found in terms of a Taylor expansion,
where (_¢ is the pulse phase offset deduced from the pulse timing analysis, to is the midtime of the observations, ¢0 is the phase offset at to, _u is the deviation from the mean pulse frequency (or additive correction to the pulse frequency), and _) is the source's pulse frequency derivative.
We fitted the phase offsets to the Taylor expansion given in equation 1. Figure  6 (middle panel) shows the resulting 15 pulse frequency derivatives as a function of the midtimes of the observations. We made linear fits to the phase offsets (i.e. _¢ = ¢0 + 5t,(t -to)) with nearly weekly time resolution, obtaining 31 pulse frequencies.
These are shown in the upper panel in figure 6 . The lower panel in figure 6 shows the X-ray fluxes associated with the pulse frequency derivatives. Figure  7 shows that the pulse frequency derivatives are clearly correlated with their associated X-ray flux values.
Discussion
A correlation between spin-up rate and X-ray flux in different energy ranges has been observed in outbursts of 5 transient systems. to a steady spin rate and then appeared to just begin a spin-down trend (seefigure 7). 
where #=BR 3 is the neutron star magnetic moment with B the magnetic field and R the neutron star radius, G is the gravitational constant, and M is the mass of the neutron star.
In this equation K = 0.91 gives the Alfven radius for spherical accretion.
Then the torque estimate is given by Ghosh & Lamb (1979) as
where I is the moment of inertia of the neutron star, IK = (GMro) 1/2 is the specific angular momentum added by a Keplerian disk to the neutron star at the inner disk edge to;
is a dimensionless function that measures the variation of the accretion torque as estimated by the fastness parameter
where rco = (GM/(2rcu) 2) 1/3 is the corotation radius at which the centrifugal forces balances the gravitational forces, wc is the critical fastness parameter at which the accretion torque is expected to vanish. The critical fastness parameter wc has been estimated to be _ 0.35 and depends on the electrodynamics of the disk (Ghosh & Lamb 1979 , Wang 1987 , Ghosh 1993 , Torkelsson 1998 . 
where d is the distance to the source and F is the X-ray flux. Figure 8 , presentsthe 3-20keV pulse profiles at the bright and faint phasesof the outburst. It is clearly seenthat there is no significant changesin the pulse profiles.
Further decreaseof the massaccretion rate eventually will expandthe magnetospheric radius rm _ r0 to the corotation radius rm _" rco. Then, some of the material will be accelerated to super-Keplerian velocities and can not easily be accreted. It may be expelled from the system. Accretion of material will carry angular momentum and tend to spin up the neutron star, while the expulsion of matter will extract angular momentum from the star. These forces tend to bring the neutron star into rotation at the equilibrium period. It is expected that accretion is eventually centrifugally inhibited.
In this propeller regime the neutron star would rapidly spin-down and the X-ray luminosity might be produced by the release of gravitational energy at the magnetosphere (King & Cominsky 1994 , Campana et al. 1995 ). X-ray luminosity from the magnetospheric emission would be reduced by a factor of 10 a -104 (Corbet 1996) .
We have assumed here that the accretion is still through a disk. Given that the luminosity is very low (< 10 a6 ergs s -1) and the companion probably an early type star, it is not obvious that the accreting material would be able to form a disk, that is, have enough angular momentum to circularize outside the magnetosphere.
Wang (1981) (1989) .
For the SAX J2103.5+4545 outburst that we monitored, a wind velocity of 200-300 km s -1 and a typical mass loss rate of 10-sMo yr -1 of a Be star could give the implied peak X-ray luminosities, the orbital modulation, and the phase dependence.But the additional parameterswould be neededand severaldifferent regimesseempossible.
The drop in accretion rate which we observed in SAX J2103.5+4545 coincided with changein the rate of angular momentumexchange.Presumably,both are causedby changes in the wind structure. Exactly what theseare is not obvious. The smooth behavior of the angular accelerationof the pulsar, as opposedto erratic (random walk) variations like those of Vela X-1 (Bildsten et al. 1997) ,for example,implies the accretion is still via a disk. The accretion rate has not yet fallen so low that the propellor effect comesinto play. The disk accretionshould moderate orbital dependence.For there to be a disk and yet strong orbital modulation at the peak of the outburst, the disk must be small. The lack of modulation at the end of the outburst would be consistentwith a disk that is more extensive, through which the diffusion is longer.
Li and van den Heuvel (1996) consideredthe spin period versus binary period in the diagram first constructedby Corbet (1984) . The accretion from a slowwind to a neutron star spinning in equilibrium appearsresponsiblefor the main correlation of the Be star systems. Accretion from a fast wind is manifestedby supergiantswith longer pulse periods for a given orbital period and for Be stars in certain phases.The valuesof spin and orbital period place SAX J2103.5+4545among thesesources,but a supergiant is usually a steady rather than a transient source. SAX J2103.5+4545can be viewedas not having yet achievedequilibrium. The transient episodedecreasedthe pulse period by _ 0.9 s. If this occurs every 1.4 yr, the sourcewould spin up to the equilibrium line (1-2 s for a 13 d orbital period) in < 600 yr. The frequency value obtained in the 2001 outburst was 1.4 x 10-a mHz above the last The spectral index of the intrinsic X-ray spectrum appears to be consistently correlated with the flux, harder for higher flux, both in the variation with orbital phase and the variation during the outburst. The fact that the pulse amplitude and shape did not change suggests that the X-rays continue to be produced in flow to the neutron star and in that case the X-ray flux seems likely to be proportional to the rate of accretion onto the surface. Intrinsic during the outbursts of this sourcewill provide constraints on the stellar orbit flows from which this neutron star accretes. Lamb, F.K., Pethick, C.J., & Pines, D. 1973,ApJ, 184,271 Li, X.D., & van den Heuvel E.P.J. 1996,A&A, 314, L13 Meszaros, P., Harding, A.K., Kirk, J.G., & Galloway, D.J. 1983 , ApJ, L33, 266 Makashima, K., & Mihara, T. 1992 
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